INTRODUCTION
============

In patients with rectal cancer, sphincter-saving surgeries are increasing because of the improvement of the end-to-end anastomosis stapling devices, preoperative chemo-radiation therapy, and similar oncological outcomes to abdominoperineal resections (APR) \[[@B1][@B2][@B3][@B4][@B5]\]. However, anastomotic leakage is the most unfavorable complication of sphincter-saving surgery because it is related with poor clinical outcomes, such as early postoperative morbidity and mortality \[[@B6][@B7][@B8]\]. Some studies have suggested that diverting stoma is a useful way of reducing the morbidity related with anastomotic \[[@B9][@B10]\]. In this regard, it is frequently used in sphincter-saving surgery. Furthermore, diverting stomas are usually performed i n ISR because of the concern regarding anal dysfunction \[[@B11][@B12]\]. However, stomas negatively influence the patients\' quality of life \[[@B2][@B4][@B13][@B14][@B15][@B16]\]; hence, most of the stomas are thought to be temporary. Most of the patients may undergo reversal surgery, but some of them should experience stoma re-creation. Stoma re-creation can be a stressful event of both the surgeon and patient. However, few studies have been conducted regarding the predictable factors for stoma re-creation after primary closure of the temporary stoma.

The aim of this study was to identify the risk factors of stoma re-creation after primary reversal surgery of diverting ileostomy in patients with rectal cancer who underwent sphincter-saving surgery.

METHODS
=======

We retrospectively reviewed 520 patients who underwent LAR with diverting loop ileostomy (protective or after anastomotic leakage) due to rectal adenocarcinoma with Institutional Review Board approval from January 2005 to December 2014 at Chonnam University Hwasun Hospital (IRB no. CNUHH-2018-035). In addition, 458 patients underwent ileostomy closure surgery, whereas 62 patients remained as not closed. We enrolled 458 patients in our analysis ([Fig. 1](#F1){ref-type="fig"}) and divided them into 2 groups: a stoma-free group and a stoma re-creation group. After placing the patients into 2 groups, the risk factors for stoma re-creation were evaluated.

Rectal cancer was determined by sigmoidoscopy and defined as a tumor with a lower border within 15 cm from the anal verge. Some patients had preoperative concurrent chemoradiation therapy, and postoperative chemotherapy or radiotherapy. All of the patients underwent LAR, and some underwent ISR. All rectal resections were performed with curative intent using total mesorectal excision.

The demographic data, including age, sex, American Society of Anesthesiologists physical status classification of preoperative physical status, body mass index (kg/m^2^), American Joint Committee on Cancer TNM tumor stage, tumor location of the upper, mid, or lower rectum, and type of rectal resection.

Anastomotic disruption, stricture, fistula, and proximal colonic ischemia were included in the anastomosis-related complications. Local recurrence is defined as radiological and histological evidence of recurrence at the anastomosis and pelvis.

Statistical analysis was performed with IBM SPSS Statistics ver. 21 (IBM Corp., Armonk, NY, USA). Chi-square test or Fisher exact test was used for univariate analyses for risk factors of secondary stomas. Multivariate analyses with logistic regression were performed to confirm the independent risk factors. Only parameters with a P-value of \<0.15 were included in the multivariate analyses, and P-values of \<0.05 were considered statistically significant.

RESULTS
=======

This study included 458 patients who underwent stoma closure. Furthermore, the demographics of the patients are summarized in [Table 1](#T1){ref-type="table"}. The median period between primary surgery and stoma closure was 5.5 months (range, 0.5--78.3 months) and between closure and re-creation was 6.8 months (range, 0--71.5 months). After a median follow-up of 21.5 months (range, 3.6--125.3 months), 413 patients were confirmed to have no secondary stomas, whereas 45 patients required stoma re-creation. Of the 45 patients with secondary stoma (9.8%), 23 (51.1%) had loop T colostomies, 15 (33.3%) had end sigmoid colostomies (11 APR, 4 Hartmann surgeries), and 5 loop ileostomies (11.1%), and 2 end ileostomies (4.4%) ([Table 2](#T2){ref-type="table"}). Stoma re-creation was required because of anastomosis-related complications (26, 57.8%), local recurrence (15, 33.3%), anal dysfunction (3, 6.7%), and perforation of previous ileostomy (1, 2.2%) ([Table 3](#T3){ref-type="table"}). Among patients for stoma re-creation, 5 patients\' stomas (11.1%) were closed, whereas 40 patients\' stomas (88.9%) remained permanent.

The characteristics of the stoma-free and stoma re-creation groups are shown in [Table 4](#T4){ref-type="table"}, which shows that the risk factors of requiring a stoma re-creation were postoperative radiotherapy (P = 0.008) and anastomotic leakage (P = 0.009). Multivariate analysis showed that the independent risk factors for stoma recreation were the ISR (odds ratio \[OR\], 3.293; 95% confidence interval \[CI\], 1.462--7.417; P = 0.004), anastomotic leakage (OR, 4.258; 95% CI, 1.814--9.993; P = 0.001), and postoperative radiotherapy (OR, 3.947; 95% CI, 1.624%9.594) ([Table 5](#T5){ref-type="table"}).

DISCUSSION
==========

Permanent stoma is one of the most unfavorable outcomes of rectal cancer surgery; thus, many attempts have been made to identify the risk factors of this issue. However, most of the aforementioned factors have been drawn from a lumped outcome; that is, permanent stoma without consideration of reversal of temporary stoma. Despite successful repair of primary diverting stoma, not only decreased quality of life of patients but also stoma re-creation ultimately may occur. Repeated laparotomies not only are stressful events to both patients and surgeons but also cause considerable economic burden. In this regard, we conducted an analysis with special emphasis on this patient group.

In the present study, 520 patients had LAR or ISR with loop ileostomy for curative intent of rectal cancer and 458 patients (89.1%) had primary stoma closure surgery. Of the patients with stoma closure, 9.8% (45 of 458) should have undergone stoma re-creation surgery finally, particularly for stoma re-creation, and 88.9% (40 of 45) were confirmed to have permanent stoma.

Previous studies have been conducted regarding permanent stoma in patients with rectal cancer. In these studies, nonclosure in primary stoma was found in 3.4%--23.6% \[[@B17][@B18][@B19][@B20][@B21][@B22][@B23][@B24]\], stoma re-creation after primary closure was found in 0.4%--12.1% \[[@B17][@B18][@B20][@B21][@B22][@B23][@B24]\]. These results were consistent with the present study. These studies reported that the most common cause of permanent stoma was local recurrence, followed by anastomosis-related complications \[[@B17][@B18][@B19][@B20][@B21][@B22][@B23][@B24]\]. Concurring with these studies, the present study indicated that the most common cause of re-creation was anastomosis-related complication (including anastomotic disruption, stricture, fistula, and proximal colonic ischemia) followed by local recurrence.

Kim et al. \[[@B21]\] reported that circumferential resection margin (CRM), radiotherapy, and anastomotic leakage were independent risk factors of secondary permanent stoma. Multivariate analyses of the current study showed that ISR (compared with non--sphincter-resecting LAR), postoperative radiotherapy, and anastomotic leakage on primary surgery are the independent risk factors for stoma re-creation.

Some studies compared ISR with non-sphincter-resecting LAR. Bretagnol et al. \[[@B12]\] reported that patients who underwent ISR have significantly worse continence and required more antidiarrheal drugs. Unlike the idea that sphincter dysfunction could be associated with ISR, in the present study, only 3 patients (6.7%) had stoma re-creation due to fecal incontinence. Instead, some studies have been conducted regarding the relationship between low anastomosis level and anastomotic leakage \[[@B7][@B11][@B25]\]. Rullier et al. \[[@B11]\] reported that the risk of leakage was 6.5 times higher for anastomoses situated ≤5 cm from the anal verge than for those situated \>5 cm. In the background of these studies, we supposed that ISR could induce a higher incidence of anastomotic leakage and that local recurrence could affect stoma re-creation rate.

Our study showed that postoperative radiotherapy was an independent risk factor of stoma re-creation. Sauer et al. \[[@B26]\] reported that postoperative chemo-radiation can induce anastomotic stricture compared with patients who underwent preoperative treatment only. Kollmorgen et al. \[[@B27]\] reported that 55 patients (93%) had normal stool continence in the nonradiation group, but only 18 patients (44%) in the group undergoing chemoradiotherapy reported normal continence. Holm et al. \[[@B28]\] also reported that adjuvant radiotherapy could increase intestinal obstruction and postoperative fistula. Concurring with these studies, we also found that postoperative radiotherapy causes adverse impact on the anastomosis site and neorectum. Of the 39 patients treated with postoperative radiotherapy, 9 patients (23.1%) had stoma recreation for anastomotic stricture (n = 3), dysfunction (n = 2), anastomotic disruption (n = 1), rectovaginal fistula (n = 1), and local recurrence (n = 2). In this regard, postoperative chemoradiotherapy should be selectively used for those who can most benefit from the treatment oncologically.

Anastomotic leakage is the most worrisome complication in sphincter-saving surgery for rectal cancer. Many studies reported that anastomotic leakage in primary surgery was an independent risk factor of permanent stoma \[[@B17][@B18][@B19][@B20][@B21][@B22][@B23][@B24]\]. In the present study, we obtained a similar result. It is interesting that we first speculated that emergent stoma creation, when anastomotic leakage occurs in primary surgery, could influence stoma re-creation after closure, but it did not ([Table 4](#T4){ref-type="table"}). In patients with leakage, surgeons were maybe cautious in the closure of the primary stoma; hence, no difference was found in the stoma-free and re-creation groups.

The limitations of the current study include its retrospective and nonrandomized nature of the study; hence, this could provide selection bias. In addition, other significant factors that other studies reported as risk factors of anastomotic leakage \[[@B7][@B11][@B25][@B29]\], such as smoking and pulmonary problems, were not evaluated in the present study. Furthermore, we did not evaluate the anal function in an objective way, which could affect the stoma closure. Local recurrence was the major reason for stoma re-creation, and a relationship of CRM and local recurrence was found \[[@B21][@B30]\], but CRM was not evaluated.

In conclusion, ISR, postoperative radiotherapy, and anastomotic leakage could be risk factors for stoma re-creation after primary closure of stoma in patients who underwent rectal cancer surgery with loop ileostomy. Surgeons should be more cautious in the closure of primary stoma in patients who have those risk factors.
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###### Demographics of 458 patients of primary stoma closure
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Values are presented mean (range) or number (%).

ASA PS, American Society of Anesthesiologists physical status; AJCC, American Joint Committee on Cancer; LAR, low anterior resection; ISR, intersphincteric resection.

###### Types of the re-created stomas
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###### Reasons of stoma re-creation (n = 45)
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###### Risk factors for stoma re-creation among 458 primary stoma closure patients
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Values are presented mean (range) or number (%).

ASA PS, American Society of Anesthesiologists physical status; AJCC, American Joint Committee on Cancer; LAR, low anterior resection; ISR, intersphincteric resection.

###### Multivariate analysis of risk factors of stoma recreation
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OR, odds ratio; CI, confidence interval; ISR, intersphincteric resection.
